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© A heat sink 2 is disclosed whk^ is high in 
cooling efficiency and superior in reliabifity over 
known heat sinks. The heat sink 2 is constituted 
from a base member 6, a cover memt>er 8 and a fan 
assembly 10, an air sucking port 12 being provided 
in the cover member 8 and an air discharging port 
14 in the base member 8 which are directed to the 
upstream side and the downstream skJe, respec- 
tively, of the air flow. 
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This inv nti n r lat s t a heat sink applied to 
a heat generating element such as an integrated 
circuit pacl(ag . 

In recent years, as electronic apparatus for 
which minimization and high reliability are required, 
portable electronic apparatus such as, for example, 
lap-top personal computers have arrived widely on 
the market. In order to realize a high performance 
for the apparatus of the type mentioned, it is nec- 
essary to use one or more integrated circuit pack- 
ages which generate a great amount of heat. 
Therefore, in order to assure high heat radiation of 
such heat generating element or elements, a heat 
sink with a fan for performing compulsory air cool- 
ing operation is used. 

Meanwhile, apparatus constructed such that a 
cooling air flow is produced In the inside using an 
air exhausting fan or the like have been put into 
practical use, and a heat sink of a high perfor- 
mance which can be applied to apparatus of the 
type just described is demanded. 

Conventionally, a heat sink is publicly known 
which includes a base member made of a material 
having a high heat conductivity and secured in a 
closely contacting relatkxiship to an upper face of 
a heat generating element such as an integrated 
circuit package, and a fan for compulsorily cooling 
the base member by air. The fan is usually pro- 
vided in an exposed condition on the upper face of 
the base member, and a cooling wind taken into 
the heat sink by the fan renK>ves heat from the 
base member and is discharged in four directions 
sidewardly of the base member to effect heat radi- 
ation of the heat generating element 

K such a conventional heat sink as described 
at)ove is applied to an apparatus which is con- 
structed such that a cooling air flow is produced in 
the inside, where the heat sink is mounted, due to 
high density mounting, at a location at whteh an air 
fl w passes a nanrow flow passage or a tike case, 
since hot winds are exhausted in four directk>ns 
from discharging ports of the heat sink, the flow 
passages of the air flows are disordered, resulting 
in difficulty in effteient cooling of the apparatus. 
Thus, such prc^lems as thermal destruction of a 
peripheral element by a hot wind are produced. 
Further, with the conventional heat sink, since the 
fan is exposed to the upper face of the heat sink, it 
is possible for a finger of an operator to contact the 
fan, for example during a mounting operation or the 
like, or a foreign article may enter the apparatus by 
way of the fan and cause it to fail. 

K is therefore an object of the present inventfon 
t pr vide a heat sink which has a high lev I of 
ffici ncy and reliability. 

According to the present invention, ther is 
provided a heat sink including a housing having a 
base member with a low r face f r contacting a 



h at g n rating el m nt, and an air displacing 
means, characterised in that the housing includes 
an air intake port and at least one air discharg 
port, arranged at offset points in the housing re- 

5 spectively, and the air displadng means is pro- 
vided in the housing for urging air between the air 
intake port and the or each air discftarge port. 

In a preferred arrangement, the heat sink is 
adapted to be applied to an apparatus and is 

10 constructed such that a cooling air flow is produced 
in the inside thereof. The base member contains a 
cavity and has an opening in an upper face thereof, 
the base member further having the air discharging 
port. A cover member is provided with the base 

75 member in such a manner as to cover over the 
opening and has the air Intake port. Air displacing 
means Is provided in the opening for urging air 
from the inside of the cover memt>er into the inside 
of the base member, the air intake port and the air 

20 discharging port being arranged to the upstream 
side and the downstream side of the cooling air 
ftow. respectively. 

Advantageously a plurality of air discharge 
ports may be provided in an end of the base 

2s member, either all on one face, or if appropriate to 
ttie particular location, in an end face and adjacent 
sections of adjoining faces. 

In one arrangement a plurality of doors may be 
provided in the or each air discharging port which 

30 can be selectively opened and closed to set the 
direction of discharge of air. 

Since the air intake port and the air discharging 
port(s) are provided in the cover member and the 
base member, respectively, and the air intake port 

35 and the air discharging port(s) are directed to the 
upstream side and the downstream side, respec- 
tively, of air flow in the apparatus, the flow passage 
of tfie cooling air flow in the apparatus is less likely 
to be disturit)ed and efficient cooling of the appara- 

40 tus can be achieved. Further, since the cover 
member is provided in such a manner as to cover 
over the opening of the t>ase member in which the 
air blasting means is provided, the problem of 
possible interference with the air blasting means or 

45 fan is removed and the reliability is improved. 

The above and other objects, features and ad- 
vantages of the present invention and the manner 
of realizing them will become more apparent, and 
the invention itself will best be understood from a 

50 study of the following description and appended 
claims with reference to the attached drawings 
showing some preferred emtxxJiments of the inven- 
tion. 

FIG. 1 is a perspectiv view of a heat sink to 
55 which the pr sent inv ntion is applied; 

RG. 2 is a sectional view of the heat sink of FIG. 
1: 
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FIG. 3 is a perspectiv vi w f an apparatus to 
which the heat sink of the present invention is 
applied; 

FIG. 4 is a secti nal view of a fan assembly; 
FIG. 5 is a perspective showing another exam- 
ple of an air discharging port; 
FIG. 6A and FIG. SB are perspective views 
showing other examples of a door; 
FIG. 7A and FIG. 7B are perspective views 
showing other examples of a securing structure 
for a cover member. 

In the following, an embodiment of the present 
Invention will be described in detail with reference 
to the drawings. 

FIG. 1 is a perspective view of a heat sink to 
which the present invention is applied, and FIG. 2 
is a sectkmal view of the heat sink. The heat sink 2 
is carried on an integrated circuit package 4 as a 
heat generating element. The integrated circuit 
package 4 has a flat upper face, and leads 5 which 
are used to mount the heat sink 2 onto a printed 
circuit board extend from a kmer face of the in- 
tegrated circuit package 4. 

The heat sink 2 is constituted from a t>ase 
member 6 secured in a closely contacting relation- 
ship at a lower face thereof with an upper fece of 
the integrated circurt package 4, a cover memt>er 8 
provided Integrally with the t>ase memk>er 6, and a 
fan assembly 10 as air blasting means. The base 
member 6 and the cover member 8 are made of a 
metal material having a high heat conductivity such 
as an aluminum alloy, and the base member 6 is 
secured to the integrated circuit package 4 by 
means of adhesion, a screw or the like. A detailed 
example of fhe means for securing the cover mem- 
ber 8 to the base member 6 to integrate them with 
each other will be hereinafter descrit)ed. An air 
sucking port 12 is formed on a side face of the 
cover member 8, and an air discharging port 14 is 
formed on a side face of the base memt)er 6. 
Meanwhile, an annular projection 16 which extends 
into the inside of the t>ase member is provided at 
an upper portion of the base member 6, and an 
opening 18 is fonmed in the upper face of the base 
member 6 by the annular projection 16. The fan 
assembly 10 is mounted at a lower portion of the 
base member 6 such that it is positioned within the 
opening 18. The fan assembly 10 is driven so that 
air may be fed from the inskle of the cover mem- 
ber 8 Into the inside of the base memt>er 6. 

The present invention is characterized in that 
the air sucking port 12 and the air discharging port 
14 are directed to the upstream side and the down- 
stream side, respectively, f a cooling air flow in an 
apparatus In which the heat sink 2 is m unted. In 
FIG. 2, the air flow is Indicated by an arrow mark A 
Air sucked into the cover memt)er 8 through th air 
sucking port 12 is fed into th base memt)er 6 by 



way of th pening 18 by the fan assembly 10 and 
discharged in a predetermined directton by way of 
the air discharging port 14. It is to be noted that, in 
th pr sent embodiment, the heat sink 2 has a 

5 substantially parallelepiped-shaped configuration, 
and the air discharging port 14 is provided by two 
in a skJe face of the base memt)er 6 at an end 
portion on the downstream side of the arrow mark 
A and by three in each of the two side faces 

10 parallel to the arrow mark A adjacent the down- 
stream end portion side. 

FIG. 3 is a perspective view of the apparatus to 
which the heat sink of the present emtxxJiment is 
applied and which Is constructed such that a cooh 

15 ing air fiow is formed in the inside. An air admis- 
sk>n opening 22 is fom^ed in a rear face side of the 
apparatus 20, and an air exhausting fan 24 is 
provided on a front face side of the apparatus 20. 
The inside of the apparatus 20 is partitioned by a 

20 partition plate 26 which extends from the rear face 
skJe to an intenmediate position toward the front 
face side. A pair of printed circuit boards 28 and 30 
are provided horizontally in this order from below in 
one of the spaces of the partitioned inside, and a 

25 pair of printed circuit boards 32 and 34 are pro- 
vkJed horizontally in this order from be\ow in the 
other space of the partitioned inside. Here, it is 
assumed that the heat sink 2 and the integrated 
circuit package 4 in the present emtxxJiment are 

30 mounted on the printed circuit board 32. Air flows 
in the apparatus are indicated by a plurality of 
anrow marks in FIG. 3. In the present emtxxJiment, 
since the directions of the air admission opening 
22 and the air discharging ports 14 of the heat sink 

35 2 can be set so that they may conform to the air 
flows in the housing 20 which depend upon the air 
admission opening 22 and fhe air exhausting fan 
24, the cooling air fk>ws are disordered less likely, 
and effective cooling of the heat generating ele- 

40 ment can be achieved. 

Further, where an element 36 which is weak in 
heat is mounted at a location on the printed circuit 
board 32 sidewardly of the heat sink 2 as shown In 
FIG. 3, while there is the possibility with a conven- 

45 tional heat sink that the element 36 may be damag- 
ed by a hot wind discharged from the bottom of 
the heat sink, in the present embodiment, since 
cooling air flows are disordered less likely. It is 
prevented that tfie element 36 is damaged by heat. 

50 Further, with a conventional heat sink, since air 
blasting means such as a fan assembly is provided 
at an upper portion of the heat sink, another printed 
drcuit board (in FIG. 3. the printed circuit board 34) 
must be mounted with som space left atx>ve the 

55 heat sink, and a cumbersom operati n is required. 
However, in the present embodim nt, since the 
h at sink 2 has the cover m mber 8 and the air 
sucking port 12 is pr vided skJewardly of the cov r 
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member 8, the printed circuit board 34 may be 
provided in contact with the upper face of the heat 
sink 2, and accordingly, a complicated operation is 
not required upon mounting of the printed drcuit 
board 34. 

FIG. 4 is a sectional view of the fan assembly 
in the present embodiment. A fan mounting portion 
38 is formed In the inside of the base member 6, 
and the fan assembly 10 as air blasting means is 
secured to the fan mounting portion 38. The fan 
assembly 10 is constituted from a stator 42 force 
fitted in and secured to the fan mounting portion 38 
and provided with a coil 40, a shaft 46 erected 
uprightly at the center of the stator 42 by way of a 
bearing 44, a rotor 52 secured to the shaft 46 and 
having a magnet 48 and a propeller 50 secured to 
an inner circumferential wall and an outer circum- 
f rental wall thereof, respectively, and a printed 
drcuit board 56 to which a lead 54 is connected. A 
motor driving drcuit not shown is nrraunted on the 
printed circuit board 56. Meanwhile, reference nu- 
meral 58 denotes a ring yoke, 60 a yoke, 62 a cut 
washer ntounted on the shaft 46. and 64 a spring 
for biasing the shaft 46 downwardly. It is to be 
noted that the reason why the annular projection 16 
is provided around the fan assembly 10 in the 
present emt)odiment Is that it is Intended to assure 
a sufficient difference in static pressure between 
the inside of the base member 6 and the inside of 
the cover member 8. 

FIG. 5 is a perspective view showing another 
xample of an air discharging port formed in a 
base member. In the present example, one or more 
comparatively large air discharging ports 14 are 
formed in a skle face of the base memt)er 6, and a 
plurality of doors 66 are provided in the inside of 
each of the air discharging ports 14. Each of the 
doors 66 is mounted for pivotal motion around a 
shaft 68 provided on the base member 6, and the 
sectional shape of the door 66 in a plane per- 
pendicular to the shaft 68 is, for example, a wedge 
shape as shown In FIG. 5. The sectional shape 
may t>e a stream lining shape as hereinafter de- 
scrit)ed. 

In the present embodiment, by selectively 
pening and closing a plurality of ones of the doors 
66, the air discharging positions in each of the air 
discharging ports 14 can be set freely, and the air 
discharging directions can be set freely by the 
pening and closing angles of the individual doors. 
Accordingly, when it is tried to apply the heat sink 
having such air discharging port or ports to an 
apparatus which is constructed so that cooling air 
fl ws may be produced in the insid , it is easy to 
direct the air discharging port or ports toward th 
downstream side of the air flow after the heat sink 
is mounted. Furth r, it is easy to prev nt a hot 
wind discharged from th heat sink from blowing to 



an element which is weak in h at. Further, in th 
present embodiment, since particulariy open ones 
of the doors 66 receive air fl ws from the fan 
assembly and function as heat radiati n fins, a high 

5 heat radiation property can be assured. 

FIG. 6A and FIG. 6B are perspective views 
showing different examples off a door. In the exam- 
ple shown in FIG. 6A. a projection 70 is formed on 
a lower face of the door 66 which makes pivotal 

10 motion around a shaft 68, and a plurality of locking 
holes 72 are provided on the upper face of the 
base member 6 along a k)cus of movement of the 
projection 70. And, as the projection 70 is seated in 
one of the locking holes 72. the pivoting angle of 

75 the door 66 can be set stepwise. With the present 
emkxxfiment, the opening and closing angle of the 
door 66 can be set readily. Meanwhile, in the 
example shown in FIG. 6B. the base memt)er 6 is 
divided into a portion 6A which provides a lower 

20 face and support posts of the base member 6 and 
another portion 6B which provides an upper face of 
the base member 6. When it is tried to assemble 
the portions 6A and 68 into a unitary member, tfie 
door 66 is held between tiie portions 6A and 68 

2S such that the pivoting angle of the door 66 is fixed 
by frictional forces between the upper and lower 
faces of the door 66 and the inner face of the base 
member. In the present embodiment, the opening 
and closing angle of the door 66 can be adjusted 

30 against the frictional forces by providing a pivoting 
force higher than a certain level to the door 66. 

FIG. 7A and FIG. 78 are perspective views 
showing examples of a securing structure for the 
cover member. In tfie example shown in FIG. 7A, 

35 the cover member 8 has a hook 74 on an edge of 
a lower face thereof, and the hook is arrested at 
the air discharging port 14 to secure the cover 
HDomber 8 to the base member 6. In tf^ example 
shown in FIG. 78. the cover member 8 has a hook 

40 76 on an edge (in the example shown, at the four 
comers of the cover memt)er) of a lower face 
thereof, and an end portion of the hook 76 is 
arrested at an edge of a lower lace of the in- 
tegrated drcuit package 4 to secure the cover 

45 member 8 and the t>ase member 6 to the in- 
tegrated circuit package 4. With the example 
shown in FIG. 78, the heat sink can be mounted 
readily onto the integrated drcuit package 4 with- 
out independentiy securing the k>ase memt)er 6 to 

50 the integrated circuit package 4. 

As described at>ove, according to the present 
invention, an effect that a heat sink which is high in 
cooling efficiency and superior in reliatMlity can be 
provided is pr vided. 

55 While the inventi n has been d6scrit)ed with 
reference to particular embodiments, these em- 
t>odiments are giv n by way of illustration only and 
not limitativ of the present invention. The scope of 
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the inventi n is d fined by the appended claims 
and all changes and modifications as fall within the 
equivalence of th scope of the claims ar there- 
fore to be embraced by the invention. 

Claims 

1. A heat sink (2) including a housing having a 
base member (6) with a lower face for contact- 
ing a heat generating element, and an air dis- 
placing means (10). characterised in that: 

the housing includes an air intake port (12) 
and at least one air discharge port (14) ar- 
ranged at offset points in the housing respec- 
tively, and the air displacing means (10) is 
provided in the housing for urging air between 
the air intake port (12) and the or each air 
discharge port (14). 

2. A heat sink (2) according to claim 1 in which: 

the housing includes a cover member (8) 
provided over the base member (6), the air 
intake port (12) being provided in the cover 
member (8) and the air discharge port (14) 
being provkled in the base member (6), 

the base member (6) contains a cavity 
which communicates with the inside of the 
cover memt>er (8) through an opening (18) 
provided in an upper face of the base member 
(6), and the air displacing means (10) is pro- 
vided in the opening (18) so as to encourage a 
flow of air from the air intake port (12), through 
the cover memt>er (8) and into the base mem- 
t>er (6) and to the air discharge port (14). 

3b A heat sink (2) according to claim 1 or 2, in 
which a plurality of doors (66) are provided in 
the or each air discharging port (14) which can 
be selectively opened and closed to set the 
direction of discharge of air. 

4. A heat sink according to claim 3, in which each 
door (66) is adapted for pivotal motion and 
may be kx:ked in different orientations. 

5. A heat sink according to claim 4 in which each 
of the doors (66) has a projection (70) provided 
on a lower portion ttiereof and a plurality of 
locking holes (72) are provided in an upper 
face of tiie base member (6) along a locus of 
movement of each of the projections (70) so 
that the pivoting angle of each door may be 
set stepwise by tiie sealing of each projection 
(70) in n of sakJ kx:king holes (72). 

6. A heat sink according to any one of claims 2 to 
5 in which th cov r m mber (8) includes at 
least one fastening means (74) adapted to in- 



teract with one or more f the air discharg 
ports (14) for fastening the cover member (8) 
to tiie base member (6). 

5 7. A heat sink according to any of claims 2 to 6, 
in which the cover member (8) includes at 
least one fastening means (76) adapted to in- 
teract with an edge of a lower face of a heat 
generating element in order that the cover 

10 memt>er (8) and the base member (6) may be 
fastened to the heat generating element 

& An apparatus including a heat sink according 
to any preceding claim, in which the apparatus 
Y6 includes a printed circuit board having a heat 
generating element comprising an integrated 
circuit package mounted on the printed circuit 
board. 
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